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Abstract 

Great Basin (northern Basin-Range Province in the western U.S.) is a 

s-1 
5 x 10 
The region seems to be undergoing generally westward spreading at - 
but with divergence along its western marginal zone. 

km2 region of extensional failure which has been active for >15 m.y. 

Current appreciation of the architecture and kinematics of fault zones 
in the Great Basin is gained from exposures in the upper 2 km provided by 
fault block mountains and from seismicity. The region seems to be underlain 
by three rheologic layers: a) a brittle upper layer, - 5 km thick, composed 
of blocks in a shattered mosaic. The blocks move passively with reasonably co- 
ordinated displacements and are probably driven by motions in subjacent layers; 
displacement occurs on well defined but irregularly configured f,ault surfaces 
which bound the blocks. Most major faults strike at high angles to the local 
extension direction except in regions where strong basement anisotropy controls 
fault orientation. 
most of the seismic slip; it is capable of accumulating sufficient strain for 
large (M 7-8) earthquakes on steep fault zones that strike at high angles to 
the regional extension; slip in such zones may become more distributed with 
depth but within a narrowly confined volume; where slip is at low angles to 
regional extension in layer b, large earthquakes seem not to occur and shear 
surfaces appear to be widely distributed: c) the region below layer b is ap- 
parently ductile. 
Basin are related to regional topographic slope. 
shear stress in layer b is as great as 25 bar. 

b) an intermediate layer, 5 to 15-20 km deep, which contains 

Spatial variations in rates of seismicity in the Great 
Corresponding topographic 

121 



2 

Great Basin: Regional Propert ies  

The Great Basin (Fig. 1 )  is characterized by widespread normal 
f au l t i ng  tha t  has occurred i n  l a t e r  Cenozoic t i m e  and continues today 
a s  indicated by seismicity,  Holocene and Pleistocene scarps,  and im-  
pressive f a u l t  block r e l i e f .  
flow (ca 2 hfu; Lachenbruch and Sass, 1979) a r e  a l so  important charac- 
teristics. 
indicates  there  is probably a c lose approach t o  uniformity of mass/ 
area a t  wavelengths exceeding 100 km. 

High mean elevat ion (1700 m) and heat 

Analysis of the f r ee  a i r  gravi ty  f i e l d  by Cogbill (1979) 

It appears t h a t  ancient s i a l i c  c rus t ,  25-30 km th ick,  underlies 
the Great Basin e a s t  and south of a curved pre-Tertiary su ture  (Fig. 1 )  
and tha t  accreted microplates of noncontinental o r ig in  underlie the 
t e r r i t o r y  northwest of t h a t  boundary. Upper mantle v e l o c i t i e s  below 
t h e  Great Basin a r e  subnormal (Pn - 7.4 t o  7.9 km sec- l ) ,  and attenua- 
t ion  i s  strong, apparently to  grea t  depths (Archambeau and o thers ,  1969). 
Models based on re f rac t ion  data imply the  existence of c rus t a l  veloci ty  
reversa l s  i n  s i a l i c  regions of the Great Basin (Prohdehl, 1970; Brai le  
and o thers ,  1976). 

Within t h e  Great Basin, there  a r e  evident zonations of properties.  
Earthquake frequency and magnitude (M<8) a r e  grea tes t  i n  t h e  marginal 
zones (except f o r  the northern) and a r e  maximum i n  the  western zone 
(Fig. 1). A b e l t  of regionally minimum elevat ion (1000 m below max.) 
and of loca l ly  elevated heat flow a l so  follows the  western margin and 
contains the  seismic maxima. Pa t te rns  of t r aces  of major f a u l t s  a l so  
ind ica te  zonation: a province-crossing band of NW-striking f a u l t s  cal led 
t h e  Walker Lane (Fig. 1) separates  a region of NNW and ENE-striking f a u l t s  
on its SW s ide  from the  rest of the  Great Basin t o  t h e  NE where N t o  NE 
s t r i k e s  predominate. 

Volcanism has occurred widely over t h e  Great Basin i n  the  l a s t  
40 m.y. but i n  the  l a s t  5-10 m.y., extrusion has been confined t o  the 
margins of the province. Various space-time pa t te rns  of volcanism have 
been proposed, but  the l a t e s t  assessment seems t o  show contemporaneous 
onset of extensive volcanism across the e n t i r e  region (Christianson and 
McKee, 1979). 
range f au l t i ng  was a t  15-20 myBP. 
f au l t i ng  tha t  i s  re la ted  t o  modern basin-range systems began s ign i f i-  
cant ly  before 20 myBP (e.g., Speed and Cogbill, 1979). 

It i s  widely held tha t  the  onset of widespread basin- 
Some s t u d i e s ,  however, imply tha t  

The propert ies  described lead t o  the obvious conclusion t h a t  
the  l i thosphere  and the zone of b r i t t l e  f a i l u r e  i n  the Great Basin a r e  

others ,  1971; Stewart, 1971; Thompson and Burke, 1974). 
markedly thinner than in typ ica l  cratonal terranes (5.8. Scholz and 

Surface heat  flows reduced fo r  l i thospher ic  heat generation 
(heat production-depth product dO.5 hfu, Lachenbruch and Sass, 1979) 
can be reasonably taken a s  2 and 1.5 hfu i n  the western and cen t r a l  
zones, respectively.  Corresponding steady s t a t e  conductive temperature 
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gradients would be about 33 and 25 OC/km. 
zones i n  the s i a l i c  cen t r a l  and eas te rn  regions of the Great Basin can 
be re la ted  t o  inc ip ien t  melting, and there ,  the base of the l i thosphere 
is probably between 20 and 30 km depth. 
l i thosphere  thickens o r  th ins  toward the NW Great Basin: 
isotherms shallow i n  t h a t  d i rec t ion ,  the l i thosphere  i n  the NW region 
may have a subs tan t ia l ly  higher temperature sol idus than tha t  where 
s i a l i c  c r u s t  prevai ls .  

Thus, c rus t a l  low veloci ty  

It i s  uncertain whether the 
although the 

Faults:  Surface and Near-surface 

The s t r u c t u r a l  depth to  which normal f a u l t s  of the Great Basin may be 
Surface observa- observed a t  the  surface and i n  mines is generally 5 2  km. 

t ions  indicate  t ha t  the  outer c rus t  of the  Great Basin is a mosaic of 
blocks which are in t e rna l ly  coherent and which lack evident l a t e  Cenozoic 
s t r a i n .  The f a u l t s  which bound the blocks seem t o  have taken up the  bulk 
of the  r e l a t i v e  motions. These major f a u l t s  a r e  commonly s ing le  surfaces,  
o r  they may be a zone of anastomosing s t rands r a r e ly  exceeding 100 m wide 
i n  bedrock; i n  alluvium, there  is generally a wider zone of ground breakage. 
Figure 1 shows t races  of most of the  major block-bounding f a u l t s .  
the  map pa t te rn  implies general l i n e a r i t y  of t race ,  basin-range f a u l t s  a r e  
cha rac t e r i s t i ca l ly  crooked i n  d e t a i l ;  the  s t r i k e  of continuous f a u l t  surfaces  
commonly va r i e s  by a s  much a s  90° over lengths of a few kilometers. D i p s  
vary generally between 50 and 90'. but a r e  demonstrably a t  lower angle a t  
a few places. 
150 Ian are known, but such values a r e  probably exceptional. 
surface f au l t i ng  associated with la rge  h i s t o r i c  earthquakes (6.8 5 M 5 7.2) 
a r e  between 35 and 50 lon long and have s l i p  lengths up t o  3 m (Wallace, 1977) .  

Although 

Trace lengths of apparently continuous f a u l t s  a s  great  as 
Zones of 

The sense of s l i p  ( r i g h t  o r  left- oblique) varies with s t r i k e  and posi- 
Throws a r e  commonly t ion  of the f a u l t  i n  the province, a s  discussed l a t e r .  

as grea t  a s  3 km, exceptionally 5 km. 
cannot generally be measured d i r ec t ly  but can be estimated t o  be <7 Ian. 

F i n i t e  n e t  s l i p  of major f a u l t s  

The nature  of the ends of f a u l t s  is generally obscure because they a r e  
so commonly subal luvial .  It seems probable, however, that most i n t e r sec t  
other f a u l t s  r a the r  than grade in to  a s t ra ined  continuum. 
implication of time sequence of f a u l t  growth by such intersect ions.  
Demonstrable o f f s e t s  of one f a u l t  by another a r e  r a r e  i n  the  Great Basin. 
Where the  main f a u l t s  have s imilar  average s t r i k e s  and s ign i f i can t  
throw, the enclosed blocks a r e  elongate and form the  s t r i k ing  l i nea r  
topographic pa t te rns  f o r  which the province is w e l l  known ("worms marching 
toward Mexico"). The average spacing of such f a u l t s  i s  15-20 km. Where 
average f a u l t  s t r i k e s  are more diverse,  t r ace  lengths a r e  shorter  and the 
topography less patterned. The i r regular  blocks contained i n  such arrays  
seem to have mean horizontal  dimensions 4 5  km. 

There is no 

Exposures of movement surfaces  of main basin-range f a u l t s  a re  ra re .  One 

Moreover; motion on many f a u l t s  within ranges have loca l  
evident reason is t h e  rapid erosion from range f ron t s  and submergence below 
alluvium i n  basins. 
downhill cmponents and may not be d i r e c t l y  coordinated w i t h  basin-range tectonics .  
Specif ical ly ,  fault 's  w i t h i n  packets of Cenozoic rocks may be re la ted to  adjust-  
ments during d6collement on the regional unconformity between Cenozoic and 
older rocks. 

, 
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Although the Great Basin is ac t ive  as a whole and basin-range r e l i e f  is  
not s ign i f ican t ly  d i f f e r en t  across the province, s p a t i a l  var ia t ions  i n  sharpness, 
length,  and density of Quaternary f a u l t  scarps (chief ly  in t ra- al luv ia l )  and i n  
seismici ty  ind ica te  zonation i n  r a t e  of f au l t i ng  (Slenrmons, 1967; Wallace, 1977; 
Ryall, 1977). 
more eroded p ro f i l e s  compared t o  those i n  the western and eastern regions. 
Judging from scarp cha rac t e r i s t i c s  created by h i s t o r i c  earthquakes i n  the 
western Great Basin, Wallace (1977) believed t h a t  s l i p  due t o  major (M, 7) 
earthquakes is undetectable i n  the Quaternary record of t h e  cen t r a l  zone. 
contrast ,  scarps i n  the western and eas te rn  zones imply t h a t  5 t o  50 such events 
per 1000 km2 have occurred i n  t h e  l a s t  mil l ion years.  
paleoseismicity seems to  be re f lec ted  i n  the h i s t o r i c  seismic f lux  (Ryall, 1977) 
which compares time integrated seismic energy among s p a t i a l  domains. 

In  the cen t r a l  G r e a t  Basin, scarps have short  t r a c e  length and 

I n  

The zonation i n  Quaternary 

The western zone contains a narrow b e l t  (eastern branch of Y pat te rn ,  Fig. 1) 
i n  which la rge  h i s t o r i c  earthquakes and scarps (Wallace, 1978) indicate  pa r t i cu l a r ly  
high rreismic o t f l u x  over a t  least the last lo5 y r  (perhaps as much a s  300 M7-8 
quake!3/1000 km ). 
is l i t t l e  evident s p a t i a l  pa t te rn  t o  the  sequence of major f au l t i ng  events. 
has not been a systematic migration of displacements. 
t o  have occurred on some a l l u v i a l  scarp c l u s t e r s  whereas adjacent t r a c t s  within 
the  b e l t  have been largely dormant. 
record many o f f s e t s  whereas others  show only one o r  so. 

Some domains i n  t h e  western seismic b e l t  have negl ig ib le  modern seismici ty  
and f e w  a l l u v i a l  scarps but have high s teep bedrock mountain f ron t s  which imply 
large. u p l i f t  r a t e s .  
can he estimated t o  have r i s en  a t  roughly 0.8 m/1000 y r  over the  l a s t  2 m.y. 
But, there  have been no associated h i s t o r i c  la rge  earthquakes, and a l l u v i a l  
scarps are infrequent and probably 2000 or  more years old.  
of such domains may suggest t h a t  the  western seismic b e l t  is subjected t o  
infrequent earthquakes whose magnitude and throw are decidedly greater  than 
w h a t  has been seen i n  the  h i s t o r i c  record. 
thataseismicdisplacements provide much of the  observed throw i n  these domains. 
It would then follow t h a t  steady or  episodic creep could occur elsewhere i n  the  
G r e a t :  Basin. 

Y Within t h i s  b e l t ,  however, Wallace (1978) has shown tha t  there  
There 

Repeated movements seem 

Even within a set of re la ted  scarps,  some 

For example, the  imposing White Mountains f ron t  (W, Fig.  1) 

The cha rac t e r i s t i c s  

Alternat ively,  one may in t e rp re t  

Explanations of regional  dif ferences  i n  Quaternary f au l t i ng  include: 
1) the  locus of maximum r a t e  of s l i p  and seismicity i n  the  Great Basin i s  tran-  
sient: and has criss- crossed the  province leaving a spoor of rejuvenated f a u l t  
block mountains whose steepness and average r e l i e f  p e r s i s t  fo r  mil l ions  of years: 
2) seismic f au l t i ng  throughout G r e a t  Basin is everywhere su f f i c i en t  t o  account 
f o r  basin-range r e l i e f  but increased proportions of l a t e r a l  (extension and 
s t r i k e  s l i p )  to v e r t i c a l  motions account f o r  the grea te r  seismic outf lux i n  the 
western and eas te rn  zones (outflux taken as steady);  and 3) aseismic s l i p  may 
contr ibute  more pervasively to  displacements i n  the cen t r a l  zone. 

-- Fault  rock: 
overpr ints  of hydrothermal e f f e c t s  a r e  commonplace. 
however, a r e  possible.  
sl ikensided polished faces i n  s o f t  and hard rocks. 
s i z e s  (p ro f i l e  and length) va r i e s  on d i f f e r en t  f a u l t s ,  but there  is not an 
evident r e l a t i on  of s i z e  E rock propert ies  or  t o t a l  s l i p  (poorly known i n  
general) .  In  s o f t  rocks (e.g., mudstone) f a u l t  rock cons is t s  of d u c t i l e  gouge 
whose width var ies  grea t ly  along s t r i k e .  

Fault  rock can be studied adequately only i n  mines, and there ,  
A few general observations, 

The spectrum of s l ikensides  
Fault  planes of more than incipient  o f f s e t  typ ica l ly  have 

Undulous masses of gouge consis t  of 
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composite packets joined by folded shear surfaces with deformed s t r i a t i o n s .  
There is generally no simple ro ta t ion  h is tory  tha t  can account fo r  the geometry 
of t h e  composites. 
r i g i d  w a l l s  of the  f a u l t  zone s l i p  by them and undergoing simultaneous ro ta t iona l  
s t r a in .  Some gouge undulations have been cut  through by plane f a u l t s .  F a u l t s  
i n  harder rock (e.g., greenstone) occupy narrow zones t h a t  grade precipi tously 
from a polished face through unfoliated c a t a c l a s i t e  of increasing mean diameter 
of f a u l t  c l a s t s  t o  f ractured rock. Not enough is known of displacement magni- 
tudes on the  few individual f a u l t s  t ha t  have been studied t o  pose any rela t ion-  
ship between f a u l t  rock and f a u l t  kinematics. 
is 100 m (normal to  a v e r t i c a l  f a u l t ) ;  f a u l t  s l i p  magnitude i s  about 2 km, l e f t  
oblique s l i p  with s t r i k e  s l i p / d i p s l i p  = 2 . 5 .  
rocks a r e  a tenth or hundredth of t h i s .  

The gouge undulations may be continually accret ing a s  quasi- 

The widest gouge zone I have seen 

A t  most places,  widths of f a u l t  

The depth of formation of f a u l t  rocks described above is almost cer ta in ly  
less than 2 km and mostly less than 500 m. 
have occurred largely by s l i p  on a narrow surface.  
s t r a i n  o r  d i s t r ibu ted  s l i p  i n  the wal ls  has taken up s ign i f i can t  motion outside 
the  narrow zones of evident ca tac las i s .  

Motions of adjacent walls seem to 
There is no evidence tha t  

It is worth noting tha t  P ro f f e t t  ( 1 9 7 7 )  found tha t  c lay gouge is more 
b r i t t l e  and occurs i n  narrower zones a t  deeper leve ls  ( 4  km?) of basin-range 
f a u l t s  a t  Yerington, Nevada. 

2 Mina Region: 
Great Basin a s t r i d e  the b e l t  of maximum seismici ty  (Figs. 1 , 2 ) .  
includes f a u l t s  of generally anomalous or ientat ion:  i n  the western domain, 
major f a u l t s  ( f au l t s  with long t r a c e  length and grea tes t  apparent displacement) 
ch ie f ly  s t r i k e  ENE whereas i n  the eastern domain, they s t r i k e  “w and l i e  i n  
the  so-called Walker Lane. In the  broader view, the  ENE f a u l t s  of the  Mina 
region seem to  form the intermediate l e g  of a gigant ic  2 pat te rn  of f a u l t  
s t r i k e s .  Data on surface f a u l t s  of the  Mina region i n  conjunction with seismic 
parameters provide clues  to  the kinematics and a rch i tec ture  of f a u l t  zones w i t h  
depth i n  the western Great Basin. 

The 2500 b M i n a  region lies i n  the western marginal zone of the 
The region 

Detailed study (Speed and Cogbill, 1979 )  of one of the  E-striking f a u l t  
zones i n  the western domain of the  Mina region indicates  a c t i v i t y  from 25 myBP 
or  before in to  t h e  Quaternary. 
the  displacement d i rec t ion  has not changed s ign i f ican t ly  with time; the  r a t e  of 
s l i p ,  however, has ce r t a in ly  varied over the h i s tory  of motion. 
the  western domain, the  main f a u l t s  (long t r a c e  length, l a rges t  f i n i t e  s l i p )  have 
similar a t t i t u d e s  and sense of s l i p ;  the  r a t i o  of s t r i k e  s l i p  t o  dip s l i p  var ies  
from 2 t o  6, a s  determined ch ie f ly  by incremental markers. 
f a u l t s  a r e  spaced about 5 km apar t  over the region of recognized occurrence 
c30-35 km NS). Estimates of net  s l i p  magnitude between 1 .5  and 4 km can be 
made fo r  th ree  of these f a u l t s .  The Excelsior M t .  f a u l t  (E, Fig. 2 )  broke 
ground with left- oblique normal s l i p  during an earthquake (M = 6.3) i n  1934 
(Callahan and Gianella, 1 9 3 5 ) ,  demonstrating modern a c t i v i t y  on t h i s  f a u l t  set. 

The sense of s l i p  is left- oblique normal, and 

Elsewhere in 

The main E-striking 

I n  t h e  eastern domain of t h e  Kina region, the  main f a u l t s  (NNW-striking) 
a r e  right-oblique normal where sense of s l i p  has been determined. 
magnitudes are poorly known, but probably a r e  a f e w  kilometers o r  l e s s .  
of main f a u l t s  is about 1 per 5 Ian over 25-30 km normal t o  s t r i ke .  

Net s l i p  
Spacing 

The 1932 
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Cedar M t s .  earthquake (M = 7.2) occurred on one o r  more subal luvial  f a u l t s  of 
t h i s  s e t  and caused ground breakage with right-oblique displacement over a 
zone 60 Ian long, p a r a l l e l  t o  s t r i k e  and 6-15 across s t r i k e  (Gianella and 
Callaghan, 1934). The scarp a t  the  base of the  P i l o t  M t s .  f r o n t a l  f a u l t  
(P, Fig. 2) of t h i s  s e t  is probably Holocene. The time span over which the  
NNW-striking f a u l t s  have been ac t ive  has not been determined from d i r e c t  
evidence. 

A t  in te rsec t ions  of f a u l t s  of the  two main sets i n  the Mina region, d i s-  
placements appear t o  be coordinated. 
largely p a r a l l e l  on the nearly orthogonal f a u l t  faces and a r e  col inear  
with the f a u l t  in te rsec t ion .  Offsets  of f a u l t s  of one set by another have not 
been detected. 
predominant f a u l t  s t r i k e  (mostly subal luvial)  probably has unusually doglegged 
f a u l t s .  
sequencing of motions between f a u l t s  of the two domains permit the  h i s tory  Of 
f au l t i ng  i n  the eas te rn  and western domains t o  have been s imilar ly  long. 

That is, incremental s l i p  markers a r e  

Thus, the a rea  of gradation between domains of d i f f e r en t  

The general compatibil i ty of displacements and the lack of evident 

Figure 3a shows composite or ien ta t ions  of f a u l t  planes and s t r i a e  on plane 
bedrock f a u l t  faces  throughout the  Mina region. Poles t o  planes represent a 
s ing le  f a u l t  strand of about ?SO s t r i k e ,  regardless of length; s t r i a e  do not 
occur on a l l  planes represented. It is evident tha t  f a u l t  planes dip i n  a l l  
d i rec t ions  except, apparently, t o  the  eas t .  S t r i ae ,  however, l i e  i n  a g i r d l e  of 
W t o  N80W s t r i k e .  
oriented down the dip of EW s t r i k ing  f a u l t  planes which face  surface d e c l i v i t i e s  
and may have topographically induced s l i p .  The s t r i a e  data  imply tha t  the  r a t i o  
of hor izonta l /ver t ica l  components of s l i p  is di rec t iona l ly  var iable .  
t h a t  f i n i t e  and inf in i tes imal  s l i p  on each f a u l t  have been p a r a l l e l  and tha t  the 
average throw has been constant per azimuth ( 0 ) .  
supported by the  lack of d i s t i n c t  topographic gra in  t o  the region.) 
s l i p  d i rec t ions  of plunge $, 

Some s t r i a e ,  however, l ie  off  the g i rd le ;  many of these are 

Assume 

(The l a t t e r  assumption is 
Given 11 

- 
$(e) - C $(e)/n and 

r ( e )  = TcotT(9) 
- - 

where T i s  the  throw and r is the  horizontal  component. 
EW and N80W and i s  apparently the  d i rec t ion  of g rea t e s t  elongation (assuming 
shortening i s  v e r t i c a l ) .  
rma,. 
to  f au l t i ng  has horizontal  f l a t t en ing  with a r a t l o  X/Y J 10 and a maximum westerly 
r a t e  of spreading. 
v e r t i c a l  plane would y i e ld  coplanar s t r i a e ,  and individual s t r i a e  would l i e  along 
the in te rsec t ions  of t h e  containing f a u l t  plane and the extension plane. 

flaxhum r trends between 

The orthogonal elongation is about NS and is about 0.1 
Under the assumed conditions,  l a t e  Cenozoic s t r a i n  i n  the Mina region due 

For geometric comparison, per fec t  uniaxial  extension i n  the 

The d i r ec t iona l i t y  of extension by f au l t i ng  i n  the  Mina region implies s i g-  
n i f i can t  compatibil i ty i n  the  relative motions of component blocks. 
t i on  is strengthened by the  general  paral le l ism of s l i p  d i rec t ions  and in te rsec t ions  
of planar segments of zigzag f a u l t s .  
f a u l t s  r e l a t i v e  t o  the  extension d i rec t ion  i n  the Mina region, however, do not 
seem t o  r e l a t e  t o  theore t ica l  pa t te rns  of multiple f rac tures  which cause homogeneous 
s t r a i n  by compatible progressive s l i p  (e.g., Taylor, 1938; Reches, 1978). The 
assumptions of isotropy i n  shear s t rength and coaxial  s t r a i n  i n  such models may 
inva l ida te  the  comparison. Instead, the  impression i s  gained from F i g u r e 2  that 
block boundaries evolved from an i n i t i a l  array of s teep cracks with almost random 
s t r i k e s  and t h a t  f r ac tu re s  of only ENE and NNW s t r i k e s  evolved in to  major f a u l t s .  
Figure 3c shows a plane s t r a i n  model of compatible s l i p s  between these two f a u l t  
B e t € , .  

The implica-  

The d i s t r i bu t ion  and or ien ta t ions  of 
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The bas i s  fo r  kinematic select ion of the  ENE s e t  by s t rength anisotropy 
seems clear.  
s t r i k e s  ENE and d i p s  s teeply,  and such s t ruc ture  i s  l i ke ly  t o  extend to  consid- 
erab le  depth (see l a t e r ) .  
is l e s s  evident. They may have evolved from ea r ly  through-going f a u l t s  
re la ted  t o  t h e  Walker Lane, which may be a f a i l e d  . in t rap la te  shear zone 
re la ted  t o  e a r l y  motions of the  San Andreas system. On the  other hand, the NNW 
f a u l t s  may simply have been selected f o r  compatible motions w i t h  the  strength- 
controlled ENE se t .  

The strongly layered bedrock of the  Mina region predominately 

The se lec t ion  of the NNW-striking f a u l t s ,  however, 

Regional Extension 

Assuming tha t  basin-range f a u l t s  d i p  a t  60’ t o  t h e  base of the faul ted layer ,  
one can estimate a minimum of about 100 !a t o t a l  extension i n  an EW d i rec t ion  
across the Great Basin (Stewart, 1971; Thompson and Burke, 1974). This direct ion 
i s  approximately normal t o  average f a u l t  s t r i k e  a t  400N (Fig. 1). 
ment corresponds t o  a longi tudinal  s t r a i n  of about 0.125 and a steady s t r a i n  r a t e  
of 10-15*6 s-l over 17 m.y. 

The displace- 

In  f a c t ,  t h e  ac tua l  d i rec t ions  of extension E. posi t ion i n  the G r e a t  Basin 
a r e  known sparingly, and current appreciation (Fig. 1) implies they vary widely 
but systematically i n  the  western marginal zone. The measures used f o r  such 
trends a r e  f i n i t e  displacement of l i nea r  markers ( rare)  and incremental s l i p  
markers on plane bedrock f a u l t s  ( s t r i a e ) .  Each double arrow i n  Figure 1 i s  the  
mean azimuthal d i s t r i bu t ion  whose la v a r i e s  from about 5 t o  20. The data used 
fo r  extension d i rec t ions  vary from place t o  place: a t  M and Y, they include many 
f a u l t s  and commonly, markers a t  several  posi t ions  on each f a u l t ;  a t  the other  
locat ions,  markers were measured on a s ing le  f a u l t  system over t race  lengths 
between 5 and 40 km. 
unknown (most a r e  on bedrock f a u l t s  with respect t o  alluvium). N e t  s l i p  trends 
from nodal planes of composite foca l  mechanism diagrams (plane c loses t  t o  l oca l  
o r ien ta t ion  of major f a u l t s )  a r e  shown by s ing le  arrow i n  Figure 1. 
good correspondence between extension d i r ec t ions  indicated by f a u l t  markers and 
seismic data ,  except i n  t h e  northernmost par t  of the  be l t .  

The ages of t h e  incremental markers a r e  generally 

There i s  

There is almost no information ava i lab le  on t rends of f a u l t  s l i p s  i n  t h e  
cen t r a l  and eastern Great Basin. Striae on t h e  Wasatch f a u l t  near Sa l t  Lake 
City indicate  EW extension. In  t h e  absence of d i r e c t  measures, however, s l i p  
d i rec t ions  may be suggested by in te rsec t ions  of plane segments of zigzag f au l t s .  
In the  western Great Basin where f a u l t  face striae have been studied,  intersec-  
t i o n s  of plane segments of zigzag f a u l t s  generally l i e  i n  t h e  same or ien ta t ion  
range as the  s t r i a e .  
f a u l t  is r e c t i l i n e a r  and volume conservative. 
dogleg f a u l t  surfaces throughout the  Great Basin, map data on f a u l t  a t t i t u d e s  
suggest EW extension is probable i n  t h e  cen t r a l  and eas te rn  p a r t s  of t h e  province. 

This implies t ha t  progressive s l i p  on a given zigzag 
Assuming t h i s  t o  be t rue  on 

The extension d i rec t ions  along the  western margin of the Great Basin vary 
from WSW at  the  southern end ( l e f t  s l i p  on the  t ranscurrent  Garlock f a u l t )  t o  
NW a t  t h e  northern. 
through the  Walker Lane or  jump across i t  by 30° o r  more. I f  the  d i rec t iona l  
changes a r e  gradational,  the  general pat tern of extension suggests a divergent 
wes ter ly  outflow i n  t h e  western marginal zone of the Great B a s i n .  

It i s  uncer ta in  whether extension d i rec t ions  vary smoothly 
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Figure 1 shows t h a t  except i n  t h e  Mina and Cortez regions,  average s t r i k e s  
of major f a u l t s  i n  the  western marginal zone a r e  a t  high angles t o  l oca l  exten- 
sion direct ions.  There is, however, a systematic departure from perpendiculari ty 
with the acute angle t o  t h e  north,  and t h e  sense of s l i p  on such f a u l t s  i s  there- 
fore  right-oblique. 

'The question a r i s e s  whether t rends of incremental s l i p  ( s t r i a e  or  foca l  
mechanism net  s l i p )  record pas t  extension d i rec t ions  or  whether such d i rec t ions  
have changed with time due e i t h e r  t o  a )  ro t a t iona l  s t r a i n  during progressive 
deformation of the  Great Basin and(or) b) major changes i n  the motions a t  the  
bound.aries of the Great Basin. For example, t h e  Great Basin might be  regarded 
a s  a remarkably wide zone of dext ra l  RW-trending simple shear i n  which par t  of 
the  r e l a t i v e  motion of the  Pac i f ic  and American p l a t e s  is taken up. 
f o r  a simple elongation of 0.125, t h e  shear s t r a i n  required across  the region 
would be only about 0.24. 
t ion  with respect t o  t ha t  of incremental elongation would, under such circumstances, 
be only 3 - 4 O .  
imprecise measures at  hand. It is unl ikely t h a t  ro t a t i on  through progressive 
deformation is s ign i f ican t  unless shear has been concentrated i n  narrow b e l t s  
tha t  include a reas  where extension d i rec t ions  have been measured. 

, 
To account 

Thus, the  ro ta t ion  of the  d i rec t ion  of f i n i t e  elonga- 

Such small angular dif ferences  could not be detected with t h e  

With regard t o  changes i n  boundary motions, evidence a t  Yerington (Y, Fig.1; 
P ro f f e t t ,  1977) and Mina (M, Fig. 1; Speed and Cogbill,  1979) suggests t ha t  exten- 
sion d i rec t ions  have been reasonably uniform over more than 15 m.y. of f au l t i ng  
i n  these regions. Zoback and Thompson (1978) and Zoback (1978). however, proposed 
tha t  an abrupt change i n  extension d i rec t ion  occurred i n  l a t e  Cenozoic time i n  
t h e  northern par t  of t h e  western Great Basin due t o  a change in  p l a t e  motions 
outs ide t h e  region. 
whole may apply f o r  only the l a s t  few mil l ion years. 

I f  they are cor rec t ,  t h e  present pa t te rn  of extension a s  a 

Faul ts  V S.  Depth 

An unresolved problem of fundamental importance t o  an understanding of 
basin-range f au l t i ng  is whether o r  not the a rch i tec ture  and kinematics of f au l t-  
ing change with depth below the  upper few kilometers. 
for th:  1) does the zigzag p lanar i ty  of f a u l t s  i n  the  upper f e w  km continue to  
depth, o r  i s  t h i s  simply the surface expression of l i s t r i c  f a u l t s  which decrease 
dip with depth to  the  l i m i t  of hor izonta l i ty ;  and 2) is displacement spaced on 
d i sc re t e  zones a t  depth a s  a t  the  surface,  o r  does the  displacement become more 
d i s t r ibu ted  o r  l e s s  d i s t r ibu ted  with depth? 

l b o  questions can be s e t  

L i s t r i c  f au l t i ng  has ce r t a in ly  occurred loca l ly  i n  the  Basin-Range Province 
walls -contain where there  are nested shallow-dipping normal f a u l t s  whose hangin 

s teep ly- t i l t ed  Cenozoic and older  layered rocks ( f a u l t  A bed = 90 )(Lake Mead, 
Andmeon, 1971: Death Valley, D,  Fig. 1: Wright and Troxel. 1973; Yerington, Y,  
Fig. 1, P r o f f e t t ,  1977). Fault  inc l ina t ion  is generally less with depth of 
expasure. 
presumably discharge a r e  not exposed. 
a r e  estimated by project ion of surface geometry t o  be within the  c r y s t a l l i n e  
basement a t  depths of a few kilometers below surface.  
was questionably estimated a t  16 lan. L i s t r i c  f au l t i ng  a t  a l l  three sites was 
accompanied by loca l  magmatism. 
surely a thin-skinned fea ture  (Anderson, 1971). It is not c lear  a t  t h e  other  
two places whether the  basin-range s t ruc tu re  is e n t i r e l y  a product of l i s t r i c  
f au l t i ng  above a d6collement o r  whether the  d6collement i s  ear ly  and broken by 
younger steep normal f a u l t s  (although authors a s s e r t  the  f i rs t  case) .  

% 

The near-horizontal detachment zones in to  which the l i s t r i c  f a u l t s  
A t  Lake Mead and Death Valley, such zones 

A t  Yerington, the  depth 

The l i s t r i c  faul ted te r rane  a t  Lake Mead i s  
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Evidence a t  o ther  places i n  the  Great Basin, however, seems t o  indica te  

Dips of Cenozoic layering a r e  
t h a t  curvature i s  not s ign i f i can t  on major basin-range f a u l t s ,  as advocated by 
Stewart (1971) and Thompson and Burke (1974). 
general ly shallow (<30°), indicat ing minor ro t a t ion  due t o  basin-range f au l t ing ,  
Distr ibut ions of hypocenters i n  af tershock zones and of microearthquakes i n  the  
seismic b e l t  of t h e  western Great Basin (e.g., Smith and o thers ,  1972) provide 
no evidence f o r  l i s t r i c  f a u l t s .  

The second question, whether displacement is concentrated on d i s c r e t e  
f a u l t  surfaces a t  depth as i n  the  near-surface, is considered below i n  the  
l i g h t  of seismic parameters. 

Seismic parameters: The main seismic b e l t  of t h e  western Great Basin is t h e  
eas tern  branch of t he  Y-pattern i n  Figure 1. 
b e l t  is defined ch ie f ly  by af tershock c l u s t e r s  from la rge  h i s t o r i c  earthquakes 
(M 1 6 . 8 ) ;  t he  c l u s t e r s  are w e l l  aligned a s t r i d e  o r  j u s t  adjacent t o  zones of 
ground breakage on the  f a u l t s  whose s t r i k e s  are northerly.  
re la t ionship  exis t s  between the  hypocentral volume and the  downdip project ion 
of t he  surface f a u l t  zone. 
however, con t ra s t s  with t h a t  of t h e  rest of t h e  b e l t ,  as described below. 

Maximum epicenter  densi ty i n  t h i s  

Here, a general 

The seismici ty of t he  Mina region (M, Fig, 1; Fig. 2),  

The Mina region seems t o  have an epicenter  densi ty (1970-1972 data)  equal t o  
t h a t  of almost any other  region of t h e  seismic b e l t  and has  a b-value (0.93-1.06) 
that s ign i f i can t ly  exceeds t h e  Nevada average (Ryall and P r i e s t l ey ,  1975). The 
Mina region. however, has had no comparable h i s t o r i c  main shocks and has dispersed 
epicenters  which do no t  l i n e  up with the  locus of 1934 ground breakage on the  
Excelsior M t .  f a u l t  nor with any other  known f a u l t  (Fig. 2). The formless pa t t e rn  
of epicenters  of t h e  western Mina region shown i n  Figure 2 is corroborated by 
earthquake (M = 2-5) da ta  f o r  1970-1977 and microearthquake data  fo r  1974-1977 
of Van Wormer and Ryall (1979). 
are most commonly 5-15 km, occasionally up t o  22 Irm, and t h a t  no obvious magnitude- 
depth re la t ionship  e x i s t s .  Depth-magnitude r e l a t ions  f o r  29 microearthquakes i n  
the  Mina region studied by Gumper and Scholz (1971) are comparable. Composite 
foca l  mechanisms f o r  earthquakes (ML 2.5) recorded i n  1970-1972 and f o r  29 
microearthquakes were prepared by Ryall and P r i e s t l y  (1975) and Gumper and Scholz 
(1971). respectively. Both sets of inves t iga tors  got similar and remarkably w e l l  
ordered arrivals,  although t h e  da ta  allow some l a t i t u d e  i n  choice of nodal planes 
(Fig. 3b). 

These workers a l s o  indicated t h a t  foca l  depths 

Taken l i t e r a l l y ,  t h e  seismici ty da ta  f o r  t he  western Mina region imply t h a t  
a t  depths between about 5 and 15 km, frequent s l i p s  of small magnitude occur on 
f a u l t s  t ha t  are more closely spaced than are the traces of main f a u l t s  a t  the 
surface. The consistency of arr ival  f i e l d  on the CFMS indicates  t h a t  t he  d i s t r i -  
buted shears a t  depth have a highly r e s t r i c t e d  range of or ien ta t ions .  
probable range of o r i en ta t ions  of such shears ,  given t h e  maximum elongation direc-  
t ion  from surface f a u l t s  and cons t ra in ts  of CFMS. is shown by the westish- striking 
nodal planes of Figure 3b (so l id  l ines) .  
or ien ta t ions  are 1) left-oblique-normal f o r  t h e  dipping planes and 2) pure l e f t  
s l i p  f o r  t h e  v e r t i c a l  plane. Gumper and Scholz (1971) chose a modal plane c lose  
t o  those of Figure 3b t o  correspond with surface s l i p  during t h e  1934 Excelsior 
M t s .  earthquake. 

The most 

N e t  s l i p  d i r ec t ions  allowed by such 
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Two in te rpre ta t ions  a r e  possible from these re la t ionships:  1) t ha t  earth- 
quakes i n  the western Mina,xegion represent s l i p  on small shears tha t  occur with 
equal frequency a t  a l l  depths and a r e  generally unrecognized a t  the surface; 
i n  t h i s  case, when a la rge  earthquake occurs on a main f a u l t  with surface 
breakage, it w i l l  produce a col inear  zone of aftershocks as elsewhere i n  the 
western seismic b e l t ;  and 2) tha t  the main f a u l t s  a t  the  surface splay with 
depth and transform down in to  a zone of more or  l e s s  d i s t r ibu ted  shear. 
favor the second idea because the 1934 earthquake (M = 6.3) on the Excelsior M t .  
f a u l t  has no l i n e  up of aftershocks,  and closely spaced shears,  even of small 
disp:lacement, should have been detected a t  the  surface.  I f  cor rec t ,  i t  follOws 
that displacement on the main lef t- obl ique s l i p  f a u l t s  of the  western Mina region 
may proceed without la rge  earthquakes by upward coalescence of small s l i p s  from 
dist.cibuted shears at  depth. 

I 

Ryall and P r i e s t l ey  (1975) in terpreted the high recurrence r a t e  of earth-  
quakes i n  the western Mina region i n  the l i g h t  of laboratory data  t o  ind ica te  
t h a t  s t r e s s  dif ferences  could a t t a i n  only a moderate l eve l  because of a high 
degree of f rac tur ing  and high r a t e  of s t r a i n  re lease.  
a t  comparable in te rpre ta t ions  with d i f f e r en t  cons t ra in t s .  

I think we have arr ived 

Faulting i n  the seismic b e l t  where the main breaks cha rac t e r i s t i ca l ly  have 
norther ly  s t r i k e s  apparently d i f f e r s  from t h a t  of the western Mina region i n  the 
following ways: 1) seismicity is re la ted  to  a more or l e s s  d i sc re t e  displacement 
zone that extends t o  foca l  depths’, 2) widely d i s t r ibu ted  shear i n  an intermediate 
depth zone i s  e i t h e r  absent or  suppressed, 3) main f a u l t  zones can accumulate 
e l a s t i c  s t r a i n  s u f f i c i e n t  t o  yield  episodic 3 m displacements a t  the surface and 
M - > 7 earthquakes, and 4) the  r a t i o  of s t r i k e  s l i p /d ip  s l i p  i s  lower. 

It would be in t e re s t ing  t o  compare the  a rch i tec ture  with depth of these N- 
The Fairview s t r ik ing  zones with tha t  interpreted fo r  the weetern Mina region. 

Peak f a u l t  (F, Fig. 1) which underwent seismic s l i p  i n  1954 (M = 7.2) has 
received considerable study. 
due to  seismic and post-seismic s l i p  (Savage and Hastie, 1969) suggests tha t  a 
p1an.e displacement zone would extend t o  a t  least 5 Irm a t  donstant dip.  A por table  
network study of aftershock hypocenters ind ica tes  t h a t  aftershock s l i p s  occurred 
i n  a. zone a t  l e a s t  4 km wide between 5 and 15 km depth (Smith and others ,  1972). 
The hypocentral volume (dimpnsions greatez than locat ion uncer ta int ies)  l ies 
generally downdip from the  surface f a u l t  t race .  CFMS f o r  most of the aftershocks 
indi,cates t h a t  s l i p  planes a r e  or iented p a r a l l e l  t o  the main f a u l t  a t  the  surface 
and the plane of the  d i s loca t ion  model. The aftershock pa t te rn  ind ica tes  t ha t  
s l i p s  must have occurred on closely spaced en-echelon shears aligned p a r a l l e l  t o  
and generally downdip from the  shallow main f a u l t  (Smith and others ,  1972). 
Although i t  may be hazardous t o  estimate the depthwise s t ruc tu re  of a f a u l t  zone 
by I . t s  aftershocks,  the data permit the i n t e rp re t a t i on  tha t  the Fairview Peak 
fau1.t splays with depth. Even so,  the downward branching of the  N-trending 
f a u 1 . t ~  is nowhere a s  extensive a s  is apparently the  case with f a u l t s  of the 
west:ern Mina region. 

A dis locat ion model f i t  t o  the geodetic dif ferences  

Figure 3c presents a conceptual model of the  s t ruc tu re  and displacement f i e l d  
of t:he Mina region; the model attempts t o  explain changes with depth and the  west 
t o  e a s t  t r ans i t i on  between E- and N-striking main f a u l t s .  
general westward (W t o  N80W) displacement and elongation and a major kink i n  
f a u l t  t races  through the Mina region. 
f a u l t s  occur i n  a b r i t t l e  upper layer  (< 5 km th ick) .  
a zone of closely spaced f a u l t s  betweenabout 5 and 15-20 hn depth. 

The plan view shows 

In  the western domain,,spaced incl ined 
These ramify downward in to  

I f .  the  f a u l t s  
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a r e  inclined t o  the north, the  displacement i n  t h i s  intermediate layer  can be 
accommodated en t i r e ly  by shear with le f t -ob l ique  normal s l i p ;  i f  the  f a u l t s  a r e  
v e r t i c a l ,  however, one must  appeal t o  s t re tching of i n t r a f a u l t  f o l i a e  normal to  
the f a u l t  planes i n  addi t ion to  pure l e f t  s l i p  on the f a u l t s .  The intermediate 
zone is shown grading down t o  a wholly duc t i l e  zone. 
the western domain does not  undergo uniform elongation fo r  various contrived 
reasons (var iable  s t rength,  var iab le  wall f r i c t i o n  among blocks, nonuniform 
s t r a i n  r a t e  i n  layer  below, e t c . ) .  Blocks i n  the upper layer  move apar t  on 
surfaces  favorably oriented f o r  s l id ing  compatible with the subjacent shear 
system. 

The upper b r i t t l e  layer  i n  

In  the eastern domain, the eesternmost f a u l t  ( the Cedar M t s .  zone) is shown 
t o  be a zigzag N-striking zone t h a t  is l a t e r a l l y  continuous and has s l i gh t  down- 
ward splaying toward the duc t i l e  region. It has, however, more of the  character 
of a d i sc re t e  displacement zone. In  the t r ans i t i ona l  t e r r i t o r y  between the two 
domains, f a u l t  sets tha t  cross blocks between the E-striking f a u l t s  a r e  more 
continuous t o  the eas t  and progressively transform of f  more of the displacement 
on the  E-striking f a u l t s .  

The following r a t iona l e  suggests t h a t  the seismic base of the Basin-Range 
f a u l t  zone i n  the Mina region i s  probably t h e  t r a n s i t i o n  depth t o  duc t i l e  flow 
i n  which only unusually rapid loca l  flow could c rea te  a viscous earthquake. 
Given a surface heat flow of 1.8 hfu (corrected fo r  modal Basin-Range radioact ive 
heat production of a 10 km skin depth, Lachenbruch and Sass, 1979) and assuming 
no convective t ransport  i n  t h e  upper 15 Ian, the steady s t a t e  temperature gradient 
would be about 30OC/km. 
T - 45OoC. 
dry) a t  
according t o  Kirby (1977). However, the dry t r ans i t i on  f r i c t i o n a l  shear stress 
induced by l i t h o s t a t i c  load a t  these depths according t o  Byerlee (1965) would 
be 3.5 t o  4 . 5  kbar! I f  pore pressure o r  extensional tectonic  stress a r e  added, 
the b r i t t l e  zone w i l l  extend deeper but probably not  a s  deep a s  30 Ian where the 
shear required f o r  the prescribed s t r a i n  r a t e  of o l iv ine  would be the order of 
100 bar.  It is reasonable t o  assume tha t  the  upper 15-20 km a r e  composed of 
mater ia l  with a lower temperature b r i t t l e- duc t i l e  t r ans i t i on  thaa o l iv ine  o r  
dunite (Heard, 1976). 
under t h i s  temperature gradient ,  a b-d t r a n s i t i o n  a t  o r  above 20 Ian seems 
l i ke ly .  

Thus, a t  the 15 km base of frequent hypocenters, 
The t r ans i t i on  depth from b r i t t l e  f a i l u r e  to  flow of ,  o l iv ine  (wet or  
s-l under the above temperature gradient is between 15 and 20 Ian 

Given the w e t  sol idus of granodiorite a t  about 20 Ian 

Experimental work supports the f e a s i b i l i t y  of the idea t h a t  f a u l t  zones 
ramify down toward a s t a t e  of d i s t r ibu ted  shear with increasing l i t h o s t a t i c  
stress and temperature (e.g., Heard, 1976). A physical  r a t i ona l e  f o r  the 
l a t e r a l  change i n  f a u l t  behavior i n  the Mina region, however, is l e s s  evident. 
It is d i f f i c u l t  t o  appeal t o  d i f f e r en t  thermal o r  f l u i d  regimes because the 
depth in t e rva l  of hypocenters is probably s imilar  i n  the  t w o  domains. 
apparent explanation is t ha t  a pre-Basin-Range, E (or ENE-striking) planar f a b r i c  
pervades the western Mina region ( t o  15-20 km) such t h a t  shear s t r e s s  resolved 
from regional extension f inds  a minimum of f r i c t i o n a l  res i s tance  i n  t h a t  direct ion.  
An E-trending p l a t e  c o l l i s i o n  zone of Early T r i a s s i c  age i n  the Mina region may 
account fo r  the hypothesized planar fabr ic .  

The most 
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Some Possible Generalizations 

The foregoing permits some speculative generalizations.  Rheologically, t h e  
Great Basin i s  a th ree  layer  system of which the lowest i s  d u c t i l e  and l ies below 
about 15-20 km. The upper layer  a) i s  >5 km th ick,  b r i t t l e ,  and comprised of 
blocks with cha rac t e r i s t i c  dimensions 07 5-10 !a between f a u l t  boundaries. 
i n  layer a )  is ch ie f ly  on well defined s teep f a u l t  surfaces  which bound the 
blocks and cons is t s  of s l i d ing  induced by displacements i n  the  intermediate 
layer .  The main f a u l t s  ( i .e. ,  pr incipal  displacement zones) i n  layer  a )  seem 
to  be coplanar with subjacent s l i p  surfaces.  
unhealed. Thus, layer  a )  is apparently passive and generally aseismic, although 
block aot ions  a re  probably not independent and not uniform. 
main f a u l t s  i n  layer  a )  a r e  a t  high angles t o  the  regional extension d i rec t ion  
(which is convex t o  the w e s t  i n  the western Great Basin) and thus,  such f a u l t s  
have displacements with dip s l i p l s t r i k e  s l i p  > 1. 
not hold i n  the western Mina region (and perhaps other regions of the  western 
Great Basin) where f a u l t  s t r i k e s  a r e  aligned near the extension d i rec t ion  and 
s l i p  is prevai l ingly l a t e r a l .  Such anomalies may be controlled by pre-Basin- 
Range f ab r i c s  i n  the  intermediate layer .  

Motion 

Moreover, they a r e  probably 

The s t r i k e s  of most 

This geometric r e l a t i on  does 

The intermediate layer  b) contains the  t r a n s i t i o n a l  i n t e rva l  from duc t i l e  
t o  per fec t ly  b r i t t l e  regimes and probably, from continuous and penetrat ive t o  
heterogeneous and highly d i sc re t e  displacement l oc i .  
5 t o  15-20 km, contains most of the recorded hypocenters, and the kinematic 
behavior of layer  b) must be inferred from i t s  seismicity.  
layer b) which a r e  a t  high angles t o  regional extension can accumulate su f f i c i en t  
e l a s t i c  s t r a i n  f o r  la rge  earthquakes. 
d i s t r ibu ted  shear on p a r a l l e l  surfaces  i n  a confined 
or below the associated d i sc re t e  f a u l t  i n  layer  a ) .  Where shear surfaces  a r e  
a t  low angles t o  regional extension (western Mina region),  s l i p  is apparently 
mure uniformly d is t r ibu ted  i n  layer  b ) .  Here, the d i s t r ibu ted  shear surfaces 
coalesce upward i n  layer  b) t o  d i sc re t e  f a u l t  zones of layer  a) and frequent 
and r e l a t i ve ly  easy f a i l u r e  prevents s t r a i n  accumulation for large earthquakes. 

Its depth in t e rva l ,  

Fault  zones i n  

Aftershocks on such f a u l t s  ind ica te  
volume generally downdip 

Seismicity Variations and Topographic Stress 

Analysis i n  progress indicates  t ha t  seismicity (epicenter density,  energy 
outflux) i n  the Great Basin i s  correla ted with regionalized topographic slope 
(i .e*, slopes a t  wave lengths > 100 km). Such slopes a r e  up t o  0.3O, and asso- 
ciated shear stresses ( T  = p g h s i n a  where a = slope, h = depth) are as great a s  
25 bars within layer  b i n  the  patterned regions of Figure 1. Thus, shear stress 
var ia t ions  with t h i s  amplitude are suf f ic ien t  t o  a f f e c t  s ign i f i can t ly  the  r a t e  
of seismic s l i p .  
in laver  extensional stress. 

The topographic stress i s  probably superposed on a more general 
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